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1. Mission

The University of Hawaii, through its Institute for Astronomy, is actively and creatively
advancing mankind’s understanding of the physical Universe, and our place within it, through
the operation and development of astronomical research and training facilities on Mauna Kea.
These facilities are known collectively as the Mauna Kea Observatories. The astronomical
activities in the Mauna Kea Science Reserve enrich the educational and research mission of the
University, while at the same time expanding mankind’s knowledge of the Universe, in the spirit
of the early Hawaiian explorers.

II. Background

In January 1982, the UH Board of Regents approved the Institute’s first Research Development
Plan (RDP) for the Science Reserve. The basic goal of the RDP was to develop the Science
Reserve as a pre-eminent State, national, and international resource for astronomical
observations in cooperation with other State agencies and constituencies. For nearly 20 years,
the RDP has served as the master plan for the development of astronomy research and related
activities on Mauna Kea. The RDP identified the areas of the Science Reserve which were most
suitable for the various types of telescope facilities, while making it clear that most of the
Science Reserve was intended to remain undeveloped, as a buffer zone. The RDP foresaw the
establishment of thirteen telescope facilities on the mountain by the year 2000, asnumber which
was based on projected demand, not on physical capacity. That section of the RDP concludes
with the following statement:

“It should be emphasized that the actual number of telescopes on Mauna Kea
will be shaped by a wide variety of factors, many of them beyond the scope of
this plan. However, this plan is clearly achievable and does not approach the
capacity of Mauna Kea for telescopes nor does this plan compromise, in any
way, the other uses of the mountain.”

Thirteen is, in fact, the number of telescope facilities on Mauna Kea today. That the actual scope
of development should end up being so close to the RDP projection is quite amazing, in view of
the time span and uncertainties involved. The RDP aiso foresaw the need for several major
infrastructure improvements including: provision of commercial electric power; improvements
to and paving of the access road; and expansion of the mid-level facilities. Commercial power is
now in place, together with fiber-optics communications infrastructure of essentially unlimited
capacity. The upper half (~4 miles) of the access road has been paved, and the addition of
Dormitory D has expanded the astronomer bedroom count at the mid-leve! facilities to 72.

8/25/99



Mauna Kea Science Reserve
Astronomy Research Development Plan 2000-2020--Summary
August 1999 — Page 2

The purpose of this document is to extend the astronomy development component of the RDP
for the next 20-year period. In doing so, we retain the underlying philosophy and methodology
of the original plan. One of the basic goals of the 1982 RDP was the preservation and protection
of the multi-use objectives of Mauna Kea. This goal is the dominant theme in the current master
planning process. Another goal was to ensure that the potential sites for astronomy facilities
were reserved for the highest and best use. The Institute’s astronomy development plan for
Mauna Kea for the period 2000-2020, as presented below, is strongly guided by these two top-
level goals. As was true for the 1982 RDP, the scope of proposed development is not
constrained by physical capacity, but rather by an analysis of the projected demand for
appropriate facilities, combined with the need to avoid adverse impacts on environmental and
cultural resources and on other uses.

HI. Astronomy Development 2000-2020

II.1. Introduction

In the early decades of the next millennium, we expect that astronomy will focus on the
questions posed in NASA’s Origins program, which has the goal of understanding how our
Universe evolved, how galaxies and the stars within them form, and how many stars contain
planetary systerns—most importantly planets like our own Earth, where life could have
developed. Major space missions such as the 8-m Next Generation Space Telescope and
various interferometric missions will be launched by NASA to address these questions, but
much of the work will be done from the ground using the next generation of large optical
and millimeter/submillimeter wave telescopes. It has already been decided that the next
major millimeter/submillimeter telescope, the Atacama Large Millimeter Array, will be built
in Chile by a consortium of the U. §., Europe, and possibly Japan. As a result, proposals for
further development of major submillimeter facilities on Mauna Kea during the next 20
years will probably be limited to expansion of the existing Submillimeter Array. In the
optical and infrared wavebands, however, we can expect that several international consortia,
and possibly some private university groups, will want to build powerful 30-m class
optical/infrared telescopes and possibly interferometers. With their much larger collecting
areas, and in the case of interferometers, very high angular resolution, these powerful new
instruments will complement the space missions. In addition, existing observatories will
need to replace or refurbish their aging facilities with new technology. If Mauna Kea is to
remain as the world’s pre-eminent location for astronomical observations in the face of
increasing competition from developing sites such as those in Chile, and if UH is to
continue to maintain a world-class astronomy program, then our plans for the next two
decades must include the elements outlined below.

HI.2. evel ent istin erva ite he it
All nine of the optical/infrared telescopes at the Mauna Kea Observatories are located
on the ridgeline of the summit cinder-cone complex (we count Keck I and II separately

here). They extend in an arc counter-clockwise from the UH 24-inch (0.6-m), the
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smallest and oldest, around to Subaru, one of the largest and newest. The RDP
identified this area as the most suitable for optical/infrared facilities, and indeed the
Mauna Kea summit ridge is almost universally regarded by astronomers as the best
location on the face of the earth for this type of telescope.

The most common type of development over the next 20 years will be the replacement
or major upgrading of optical/IR facilities at existing sites on the summit ridge. There
are two basic reasons for this. First, two of the nine existing facilities (UH 2.2-m and
0.6-m) are 30 years old, and three more {United Kingdom Infrared Telescope
(UKIRT), Canada-France-Hawaii Telescope (CFHT), NASA Infrared Telescope
Facility (IRTF)) are 20 years old. By historical standards, these telescopes would still
be considered young, but the recent dramatic advances in telescope technology (thin
mirrors, space-age materials, computer-assisted design, thermal control) and enclosure
design have rendered them old beyond their years. The four organizations operating
these telescopes will soon be very eager to replace them with modern state-of-the-art
technology, so as to get the full benefit of the site conditions and to maximize the
return from the substantial operational expenditures. The CFHT community is already
discussing the possibility of replacing the existing 3.6-m telescope with a new-
technology facility in the 8-m range, but with an enclosure of approximately the same
size. Similarly, IfA, at the request of NASA, is exploring the scientific and technical
aspects of replacing the 3.0-m IRTF with a 6.5-m New Planetary Telescope (NPT).
The increased aperture and improved technology will dramatically increase both the
sensitivity (ability to study faint objects) and angular resolution (ability to discern fine
detail in images) for these facilities,

Any national or international organization wishing to develop a new world-class
optical/infrared telescope of “conventional” size (4-12 m aperture) will almost
certainly want to locate on the Mauna Kea sumimit ridge, unless a location in the
southern hemisphere is preferred for programmatic or other reasons. This leads to the
second reason for expecting substantial demand for the reuse of existing sites, as the
summit ridge is already nearly filled to capacity. It would be possible to add one, or
perhaps two modest-sized telescopes, but a large facility would require the
replacement of an already existing one.

We expect that over the next 20 years, proposals will be developed to upgrade or
replace each of the five telescopes mentioned above. As was true for the 1982 RDP, it
is very difficult to predict the actual scope of development that far into the future. At
present, we estimate that at least three, but perhaps all five of these aging telescopes
will be upgraded or replaced within this time frame. Such replacement upgrades, with
their minimal impact, must be a very high priority for future development.

We also expect to see a trend toward specialization for these conventional-size
optical/infrared telescopes. For example, one facility may decide to concentrate on
wide-field imaging, while another focuses on using adaptive optics to achieve the
highest possible angular resolution over a small field. The NPT, mentioned above as a
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possible replacement for the NASA IRTF, is designed to minimize scattered light in
order to study faint objects which lie close to bright ones (e.g., a planet in orbit around
a star). Specialization will allow the telescope facility to achieve the ultimate in
performance within the chosen area of research, while at the same time simplifying the
operation and thereby reducing costs. Specialization will provide a strong incentive
for joint operating arrangements and shared use among the observatory organizations.
In this way, each affiliated astronomer community will have access to a wide range of
observing capabilities, without the need to provide them all on any one telescope.

H1.3. Expansion of Existing Observatories

Expansion of two of the existing facilities, the W. M. Keck Observatory and the
Submillimeter Array (SMA) is planned for the period 2000-2020.

II.3.a. W.M. Keck Observatory

At Keck, the expansion will be the addition of four to six 1.8-m “outrigger”
telescopes to create a powerful infrared interferometer on the existing Keck site.
This is primarily a NASA project, with funding for four of the six outriggers
already in hand. The primary scientific mission is to search for and study planets
around nearby stars. This is an important step in answering the fundamental
questions of how unique our Earth is and whether there may be life elsewhere in
the Universe. The Keck Interferometer is a stepping stone to future NASA
space-based interferometry missions such as the Space Interferometry Mission
(SIM) and the Terrestrial Planet Finder (TPF), which are aimed toward these
questions. It will also test the feasibility and capability of large-aperture ground-
based optical/infrared interferometry. This information will be extremely
valuable in assessing the scientific potential for a large-scale optical/infrared
interferometer array (see III.6 below). The Keck Outrigger Project is the only
new project for which a detailed proposal exists at present. Because of the link
with space missions, for which the planning is already well underway, this
project is on a tight schedule and needs to start construction in 2000.

[IL.3.b. Submillimeter Array

The SMA is a collaborative project of the Smithsonian Astrophysicai
Observatory and the Institute of Astronomy and Astrophysics of Taiwan.

The SMA is the world’s first submillimeter-wavelength radio interferometer.
Consisting of up to 12 interconnected 6-m antennas which can be arranged in
various configurations on 24 antenna pads, the SMA, will provide sub-arcsecond
resolution in the submillimeter region of the spectrum. The SMA is expected to
be in operation with eight antennas by 2001. During the ensuing 20 years, there
will be a strong scientific need to enhance both the angular resolution and the
imaging power of the array. The former is achieved by adding additional pads
to provide longer baselines. Imaging power is directly related to the number of
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distinct baselines (antenna pairs) in the array. For N antennas, the number of
baselines is N(N-1)/2 = N2/2. Since the imaging power increases roughly as the
square of the number of antennas, a modest increase in antenna count can
produce a dramatic enhancement in scientific capability. The expansion plan
for the SMA includes 24 additional antenna pads, increasing the maximum
baseline by at least a factor of two, and the addition of 12 antennas for a total of
24, This will increase the imaging power by a factor of 4 and the angular
resolution by more than a factor of 2.

IIL.4. New Sites for Conventional Optical/Infrared Telescopes

As explained previously, the preferred location for any new conventional optical/infrared
telescope will be the summit ridge because of its proven superb astronomical quality and the
already existing infrastructure. Space is limited there, however, and major new telescopes
can be accommodated only by replacing existing ones. We expect that over the next 20
years, there will be one or two proposals for new conventional optical/infrared telescopes
which have excellent scientific potential and offer strong benefits for the UH astronomy
program, but for which there is no site on the summit ridge. In our master planning, we need
to identify new sites for optical/infrared telescopes which are not on the summit ridge, but
which have excellent observing conditions. Detailed seeing measurements will be
particularly important.

IIL5. Next Generatiop Large Telescope

'The world astronomy community is just now completing the giant step from the 4-m class
telescopes that have been its mainstay for the past 40 years to the 8-10 m class instruments
such as the Kecks, Gemini, Subaru, and the European Southern Observatory’s Very Large
Telescope. It will be several years before we know the real impact of this major advance in
both aperture size and technological sophistication. Nonetheless, astronomers are already
beginning to discuss what the next step beyond the 8-10 m class will be (i.e., the Next
Generation Large Telescope). Some of the impetus for this discussion comes from NASA’s
plan to launch the Next Generation Space Telescope (NGST) within the next decade. With
an aperture diameter of 8m, NGST will have eleven times the collecting area of the Hubble
Space Telescope. We know already that the current 8-10m telescopes are an excellent
complement to Hubble, for example providing spectroscopy of objects which are discovered
in Hubble images. The Next Generation Large Telescope (NGLT) is seen as playing the
analogous role for the NGST. During the coming two decades, Earth-based telescopes will
continue to retain some very substantial advantages over space telescopes in spectral regions
which can be observed from the ground. First and foremost, they can be made larger, and for
a given size, are 10-100 times less expensive to build and operate. In addition, they are much
easier (o service and upgrade; this is particularly important for the instrumentation attached
to the telescope. Finally, recent major advances in adaptive optics allow ground-based
telescopes to achieve angular resolution equaling or exceeding that from space telescopes in
the infrared region of the spectrum.
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Once every ten years, the U. S. National Academy of Sciences appoints a blue-ribbon panel
to survey astronomy goals for the coming decade and to set priorities for new facilities. The
latest Decadal Survey is currently underway, with its report due early in 2000. There is
widespread expectation that the report will recommend some type of NGLT, possibly in the
25-50 m range. Only the most preliminary of design concepts exists at present, with most of
them employing some type of segmented mirror.

We consider it likely that a NGLT will be proposed for Mauna Kea within the next ten years,
with the expectation that such a facility could be completed before the year 2020. We need
to identify a suitable site in our master plan. As with the new conventional optical/infrared
telescopes, any final site selection would be contingent on detailed seeing studies.

I1.6. Site for Optical/Infrared Interferometer

Another possibility for a next-generation ground-based optical/infrared facility is a
distributed aperture telescope (i.e., an interferometer array). Currently there is a vigorous
debate among astronomers concerning the relative merits of the interferometer and the
filled-aperture NGLT. Roughly speaking, the former would emphasize high angular
resolution, while the latter would emphasize sensitivity to faint objects. It appears likely
that this debate will continue for at least five years and probably longer. During this period,
a number of modest-sized interferometers, including the Keck (see I11.3.a. above) and the
European Southern Observatory’s Very Large Telescope Interferometer will begin
operation. These facilities are expected to inform this debate by providing a wealth of
practical information about the feasibility and scientific potential of ground-based
optical/infrared interferometry.

Should a large-scale optical/infrared interferometer be proposed for Mauna Kea, it would
require a large and relatively flat area of up to 1 km in diameter. Such an area should be
identified in the master plan. The number and size of the individual apertures cannot be
accurately predicted at present, although an array of six 3-m apertures would appear to be a
minimum. The light collected by each aperture would be transported to a central location
and then combined with the light from the other apertures, after path-length compensation, to
produce a high-resolution image of the object being studied. In current-day interferometers,
light transport is achieved by directing collimated beams through pipes located either above
or below ground. This approach appears both impractical and environmentally problematic
for a large-scale interferometer such as might be proposed for Mauna Kea. Similarly, path-
length compensation is currently accomplished with optical delay lines whose dimensions are
similar to the size of the array. This also would be problematic for a large array on Mauna
Kea. At present the most promising solution to these two problems appears to be the use of
fiber optics. With fiber optics, light transport could be incorporated into the smail utility line
to each aperture, and the delay line system could be reduced to a manageable size.

For present planning purposes, we should reserve a suitable location in case we may wish to
consider an optical/infrared interferometer during the coming 20-year period. Whether or not

8/25/99



Mauna Kea Science Reserve
Astronomy Research Development Plan 2000-2020--Summary
August 1999 — Page 7

such a proposal will be forthcoming and favorably considered will depend on the scientific
and technical issues outlined above.

I11.7. Temporary Facilities

We also expect to receive over the 20-year period several strong proposals for temporary
facilities. A recent example of a temporary facility is the Optical Test Sites installation at the
W. M. Keck Observatory. This system, comprising two siderostats and underground light
pipes, will be used for testing and debugging the beam-combining equipment for the Keck
Interferometer. Once the Interferometer is operational, in 2002, the temporary test sites will
be removed.

Taiwanese astronomers are currently developing a proposal for a temporary facility called the
Array for Microwave Background (AMIBA). AMIBA would measure the spatial variations
in the microwave background radiation which originated with the Big Bang and which allow
us to understand the earliest stages of the formation of our Universe. In its current concept,
AMIBA consists of 19 1-m antennas mounted on a single steerable platform measuring about
10 meters across. AMIBA would have an operational lifetime of approximately five years.

IV. Conclusion

The Institute’s Astronomy Research Development Plan 2000-2020 extends the astronomy
development component of the 1982 Research Development Plan for the Mauna Kea Science
Reserve, while retaining the fundamental philosophy and methodology of the original plan. The
scope of the planned development is based not on physical capacity, but rather on the expected
demand for facilities which would make the highest and best use of the Mauna Kea site,
combined with the need to accommodate other uses and minimize adverse impacts. Although
this plan is based on the best information currently available, it must be kept in mind that there
are many large scientific and technological uncertainties outstanding, especially in view of the
20-year planning horizon. This plan will probably require adjustment as new information and
scientific priorities arise.
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BOTANICAL RESOURCES
HALE POHAKU MID-ELEVATION FACILITIES

INTRODUCTION

The University of Hawai'i mid-elevation astronomy suppoxt
facilities are located at the 9,200-foot elevation of Mauna Kea.
This intermediate elevation allows scientists, support staff and
construction workers a place to acclimatize before continuing

on to the summit to work. The mid-level facilities provide
sleeping accommodations, offices, eating, and lounge areas (Group
70, Inc. 1979; MCM Planning 1985).

The first botanical study of the Hale Pohaku site was conducted
by Gerrish in June 1979 for the permanent facilities as well as
the Hale Pohaku State Park. Prior to the new facilities, the
University had temporary buildings on a portion of the site.
Gerrish also evaluated two alternate sites. The first near the
Humu'ula Sheep Station (between 6,000 and 6,800 feet elevation),
and, the other, at about the 8,000-foot elevation, east of the
Mauna Kea Access Road.

A survey of the areas proposed for the construction camp site and
staging areas was made by Char in May 1985. The first area was on
relatively flat terrain with scattered clumps of mamane trees;

it consisted of parts IA and IB. The other area was located on
the slopes adjacent to and above the mid-level facilities'
maintenance area. This site was not recommended due to the steep
slopes and increased soil erosion hazard. The site was also
heavily vegetated and much of the vegetation would have to be
removed.



A survey of the dormitory area was made in 1990 by Char for the
Japan National Large Telescope (JNLT) project since a new
dormitory would be constructed within the existing mid-level
facilities to accommodate the JNLT personnel.

DESCRIPTION OF THE BOTANICAL RESOURGCES

The following description is drawn largely from the three
botanical studies conducted for the facilities and from personal
observations. A list of plant species recorded from the site is
presented at the end of this report.

The vegetation on the mid-level facilities consists of open-
canopied mamane forest; this has also sometimes been referred to
as mamane parkland. Mamane (Sophora chrysophylla), a member of
the pea family (Fabaceae), has bright vellow clusters of flowers
and somewhat woody, knobby seed pods, brown to tan when mature;
leaves and young shoots are covered by fine, golden brown hairs.
The mamane trees occur in scattered clumps, from 6 to 18 feet
tall. Smaller saplings less than 3 feet tall are also common.

Ground cover consists of a mixture of bunch grasses, these form
upright tussocks or clumps rather than low, running mats. The
most abundant grasses are two native species, Deschampsia nubigena

and pili uka (Trisetum glomeratum), and the introduced needlegrass
(Stipa cernua). Other grasses and herbaceous species found in

this vegetation type include ripgut grass (Bromus diandrus),
orchardgrass (Dactylis glomerata), hairy cats-ear (Hypochoeris
radicata), afilaria (Erodium cicutarium), sheep sorrel (Rumex
acetosella), woolly mullein (Verbascum thapsus), and common
groundsel (Senecio vulgaris). The plants tend to be denser under
and around the mamane trees where there is more moisture available
because of fog drip.




Shrubs of 'aweoweo or 'aheahea (Chenopodium oahuense) are
occasional. A few shrubs of pukiawe (Styphelia tameiameiae) and

nohoanu (Geranium cuneatum), a native woody geranium with
attractive white flowers and silvery leaves, are also found on
the site; these plants are usually associated with the more rocky
areas. Two native members of the mint family (Lamiaceae),

Stenogyne microphvlla and ma'ochi'ohi (Stenogyne rugosa), are

fairly common and can be observed growing at the base of the
mamane trees. Sometimes the long stems of these Stenogyne climb
up into the mamane and form dense tangles.

In the open areas between the clumps of mamane trees, ground
cover is less dense with bare areas of fine soil or rocky
outcroppings prominent. Scattered patches of the introduced
California poppy (Eschscholzia californica) are locally common on
some open areas, especially near the stone cabins,

A small grove of Eucalyptus trees and saplings is found just
above the information station parking lot. A few shrubs of

tagasaste (Cystisus palmensis) also occur here.

DISCUSSION

The vegetation on the mid-level facilities has been surveyed at
least three times. No threatened and endangered species or species
of concern (U.S. Fish and Wildlife Service 1999) were found.

In the last studies conducted for the facilities (Char 1990), it
was recommended that efforts should be directed to managing the
natural resources on and around the site. This included increasing
plantings of native species and removing some of the introduced

or alien species such as the California poppy. Increased visitor



traffic would result in more weedy species being brought up to
the site. Thus, monitering of the site for new alien species

was recommended. It would be easier to remove these plants when
their numbers were low.

The recommendations outlined in the 1990 report as well as in the
earlier reports are still valid today.
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PLANT SPECIES LIST -- Hale Pohaku Mid-Elevation Facilities

A list of all the vascular plant species recorded from the Hale
Pohaku mid-elevation facilities follows. The list is drawn from the
three botanical surveys (Gerrish 1979; Char 1985, 1990) which have
been made for the construction of the various facilities on the
site. The taxonomy and nomenclature of the ferns follow Lamoureux
(1988), and Wagner et al., (1990) for the flowering plants (monocots
and dicots). Recent name changes for some of the flowering plants
are in accordance with those reported in the Hawaii Biological
Survey series (Evenhuis and Miller, eds., 1995-1998).

The following information is provided for each species:
1. Scientific name with author citation.

2. Common English and/or Hawaiian name(s), when known.
3. Biogeographic status. The following symbols are used:

E = endemic = native only to the Hawaiian Islands.
I = indigenous = native to the Hawaiian Islands and also
elsewhere,

I? = questionably indigenous = data unclear if dispersal by
natural or human-related mechanisms, but weight of evidence
suggests probably indigenous.

X = introduced or alien = all those plants brought to the
Hawaiian Islands by humans, intentionally or accidentally,
after Western contact, that is, Cook's discovery of the
islands in 1778.



Scientific name Common name

FERNS

ASPLENIACEAE (Bird's-nest fern family)
Asplenium adiantum-nigrum L, "iwa'iwa
Asplenium trichomanes L. 'oali'i, 'owali'i

SINOPTERIDACEAE (Cliffbrake fern family)
Pellaea ternifolia (Cav.) Link kalamoho, lau-kahi

GYMNOSPERMS

PINACEAE (Pine family)
Pinus sp.

FLOWERING PLANTS

DICOTS
ASTERACEAE (Daisy family)
Achillea millefolium L. common yarrow, milfoil
Cirsium vulgare (Savi) Ten. bull thistle, pua kala
Conyza bonariensis (L.) Crong. hairy horseweed, iTioha
Heterotheca grandifliora Nutt. telegraph plant
Hypochoeris radicata L. hairy cats-ear, gosmore
Pseudognaphalium sandwicensium

(Gaud.) A. Anderb. 'ena'ena
Senecio vulgaris L. common groundsel
Sonchus oleraceus L. sowthistle, pualele

BRASSICACEAE (Mustard family)
Lepidium africanum (N.L. Burm.) DC
Lepidium bonariense L,

CARYOPHYLLACEAE (Pink family)
Polycarpon tetraphyllum (L.) L. allseed
Silene struthioloides A. Gray

CHENOPODIACEAE (Goosefoot family)
Chenopodium oahuense (Meyen) Aellen 'aweoweo, 'aheahea

EPACRIDACEAE (Epacris family)
Styphelia tameiameiae (Cham. &
Schlechtend.) F.v. Muell. pukiawe, maiele

Status
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Scientific name

FABACEAE (Pea family)

Cytisus palmensis (Christ) Hutch.

Medicago sativa L.

Melilotus indica (L.) All.

Melilotus sp.

Sophora chrysophyila (Salisb.)
Seem.

Trifolium arvense L.

GERANIACEAE (Geranium family)

Erodium cicutarium (L.) L'Her.

Geranium cuneatum ssp. hololeucum
(A. Gray) Carlg, & Bissing

LAMIACEAE (Mint family)
Stenogyne microphylla Benth.
Stenogyne rugosa Benth.

MALVACEAE (Mallow family)
Malva parviflora L.

MYRTACEAE (Myrtle family)
Eucalyptus spp.

ONAGRACEAE (Evening primrose family)

Epilobium billardierianum ssp.
cinereum (A. Rich.) Raven &
Englhorn

PAPAVERACEAE (Poppy family)
Eschscholzia californica Cham,

POLYGONACEAE (Buckwheat family)
Rumex acetosella L.

SCROPHULARIACEAE (Figwort family)
Verbascum thapsus L.

Verbascum virgatum Stokes

SOLANACEAE (Night-shade family)
Solanum americanum Mill.

Common_name

tagasate
alfalfa, lucerne, ‘'alapapa

mamane, mamani
rabbit-foot clover

alfilaria, pin clover

nohoanu, hinahina

ma'ohi'ohi

cheese weed

eucalyptus, gum tree

willow herb

California poppy

sheep sorrel

woolly mullein, common
mullein

virgate mullein, wand
mullein

popolo, glossy night-shade
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Scientific name
MONOCOTS
CYPERACEAE (Sedge family)

Carex macloviana ssp. subfusca

(W. Boott) T. Koyama

IRIDACEAE (Iris family)
Iris sp.

LILIACEAE (Lily family)
Aloe vera L.

POACEAE (Grass family)

Agrostis sandwicensis Hillebr,

Anthoxanthum odoratum L,
Bromus diandrus Roth
Dactylis glomerata L.
Deschampsia nubigena Hillebr,
Holcus lanatus L.

Lolium sp.

Poa pratensis L.

Rytidosperma pilosum (R. Br.) Connor &

Edgar

Rytidosperma semiannulare (Labill.)

Connor & Edgar
Stipa cernua Stebb. & A, Love

Trisetum glomeratum (Kunth) Trin,

Vulpia bromoides (L.} S.F. Gray
Vulpia myuros (L.) C.C. Gmelin

Common name

iris

aloe

sweet vernalgrass
ripgut grass
cocksfoot, orchardgrass

velvet grass
Kentucky bluegrass
hairy oatgrass

wallaby grass

needlegrass

pili uka, he'upueo, mountain
pi i

brome fescue

rat tail fescue

Status

> oS T > > DC P DC T X 2 2 M



BOTANICAL RESOURCES
MAUNA KEA SUMMIT, HAWAI'l

by

Winona P. Char

CHAR & ASSOCIATES
Botanical Consultants
Honolulu, Hawai'i

Prepared for: GROUP 70 INTERNATIONAL, INGC.

July 1999



BOTANICAL RESOURCES
MAUNA KEA SUMMIT, HAWAI'I

INTRODUCTION

A summary of the botanical resources found on the Mauna Kea
summit above 13,000 feet elevation is presented. The information
is drawn largely from the earlier survey by Smith et al. (1982)
for the Mauna Kea Science Reserve Complex Development Plan, Final
Environmental Impact Statement (Group 70 1983), and from the
botanical resources study for the Smithsonian Submillimeter
Array site (Char 1992). A reconnaissance-level field survey was
also made on the slope beyond the summit ridge and to the
northwest of the summit ridge. These are the areas proposed for
the Next Generation Large Telescope (NGLT) site and the Optical
Interferometer Array site. The field survey was conducted on

21 June 1999; a map of the transect locations is attached.

The information presented in this report will be incorporated
into the Mauna Kea Science Resexrve Complex Development Plan
Update. A description of the habitat and the plant communities
found at the summit is provided. The impact of the proposed
facilities on the north and northwest slopes as well as around
the existing facilities is discussed.

HABITAT AND PLANT COMMUNITIES

The Mauna Kea Science Reserve is characterized by its severe
climate with extremes of moisture and temperature and by its
rugged landscape, alternating between massive andesite lava flows
and large cinder cones of volcanic ash, loose cinder, and other



interbedded volcanic material.

The distribution of the plant communities at the summit is driven
primarily by substrate type. The cinder cones do not provide
suitable habitat for most plants because of their loose, unstable
nature and high porosity. The andesite (Hawaiite-mugearite) lava
flows consist of dense rock with numerous pits, fissures, small
caves, overhangs, and deeply shaded pockets and crevices. These
less exposed areas of the flow provide habitat for the lichens
and mosses found at the summit. The vascular plants tend to
occupy the areas at the base of the rock outcrops where there is
an accumulation of soil and somewhat moister conditions. There
are numerous deposits of eolian or colluvial material scattered
throughout the lava flows in low lying, swale areas. Like the
cinder cones, these deposits of loose material provide only a
poor to marginal habitat for the plants.

A discussion of the lichen, moss, and vascular plants found at
the summit follows, The algae were not inventoried during the
earlier survey (Smith et al. 1982) since Lake Waiau was not
considered a part of the study area. However, one algae species,
Haematococcus sp., was observed on almost all the snow banks

investigated during the 1982 survey; this algae stains the snow a
blood red.

Lichens

A list of the lichen species identified from the 1982 survey by
Smith et al. is presented in Appendix 1 at the end of this report.
The list does not include those species which were uncollectable,
about 5; these were crustose, rock-colonizing species imbedded
deeply in the andesite flows. About half of the lichens identified
are endemic to the Hawaiian Islands, that is, they are native

only to the Hawaiian Islands.
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Lichens can be found throughout the summit area, but reach their
highest density and greatest diversity on the north and west
facing andesite rocks where they are not exposed to the sun for
long periods of time. Some south facing rock faces can also
support lichen communities if protected from exposure to the sun.

The lichen community on almost vertical north facing rocks is
characterized by an association of Umbilicaria hawaiiensis and
Pseudephebe pubescens. Lecanora muralis is commonly found under
both species. Candelariella vitellina and Lecidea skottsbergii
are often associated with these species. These north facing

rock faces are often exposed to the prevailing winds. On vertical
west facing andesite rocks, the lichen community is a mixed
association of Acarospora depressa, Candelariella vitellina,

Lecanora muralis, Lecidea skottsbergii, Lecidea vulcanica,

Physcia dubia, Rhizocarpon geographicum, and Umbilicaria

hawaiiensis.

The lichen community on south facing rocks is characterized by an
association of Umbilicaria pacifica and Physcia dubia. Lecanora
muralis, Candelariella vitellina, and Lecidea skottsbergii are

common.

The areas within the Mauna Kea Science Reserve with massive
andesite lava flows which could provide suitable, potential
habitat for the more diverse lichen communities have been
identified. The habitat distribution map is based on the U.S.
Geological Survey (1998) maps of Mauna Kea lava flows.

The cinder cones and the deposits of eolian or colluvial material
on lava flows are species poor. Only the most ubiquitous lichen
species occur here, Lecanora muralis is the most abundant lichen
and can be found throughout the summit on all substrate types.
Candelariella vitellina and Lecidea skottsbergii are found on




small rocks or cobbles scattered throughout the cinder and
colluvial material.

Mosses

About 12 species of mosses were inventoried during the 1982

survey (see Appendix 1). The Grimmia sp. material collected may
represent 2, or possibly 3, different species. Less than a quarter
of the mosses are endemic., All of the mosses are related to
members which are temperate in origin.

The mosses are found in the more protected areas such as under
rock overhangs and in deeply shaded pockets and crevices on
north-northeast facing sides of rocky mounds, as well as south-
southwest facing sides of these mounds. The mosses are nearly
always associated with small run-off channels where greater
moisture is available from snow melt. Small caves and rocky
overhangs can harbor pockets of compacted snow for some time,
providing much needed moisture.

Mosses occur only on rock mounds and in ash-filled crevices.
Mosses were not observed on loose cinders or on the eclian or
colluvial fields.

The most frequently observed mosses are the species of Grimmia;
these form silvery-gray clumps in run-off channels on semi-exposed

rock faces. The second most frequently encountered moss is Pohlia
cruda, a bright green-colored moss associated with the deeply
shaded and well protected sites. The other moss species are not
common. They occupy habitats somewhat intermediate between the
relatively exposed Grimmia habitats and the well protected niches
favored by Pohlia.
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Vascular Plants

Six species of vascular plants are found within the Mauna Kea
Science Reserve area (see Appendix 1). The plants tend to be
associated with the rocky outcrops, usually at the base of the
large outcroppings or among large boulders, where there is an
accumulation of soil or ash and moisture. The Plants rarely are
found on the loose, less stable cinder cone areas.

Two species of fern, Asplenium adiantum-nigrum (common name

'iwa'iwa) and Cystopteris douglasii, are known from the summit.

Asplenium is found in well protected areas at the base of rock
outcrops or tucked in among the large boulders. The Mauna Kea
Cystopteris douglasii is unusual in that it prefers to grow in

open, exposed areas on weathered rock facing the tradewinds.
Other members of this genus grow in more protected situations.
The Mauna Kea Cystopteris douglasii also differs from its East

Maui relatives in its narrower, linear fronds. The Mauna Kea
taxon may represent a new variety or, perhaps, a new species of
Cystopteris, but more studies are needed (D. Palmer, pers. comm.).

Cystopteris douglasii is considered a species of concern by the
U.S. Fish and Wildlife Service (1999),

Two members of the grass family (Poaceae) are found at the summit,
Agrostis sandwicensis is the more commonly encountered of the two

grasses, where it is sparingly distributed among boulders on
loose substrate or at the base of rocky outcroppings. Trisetum
glomeratum (common names pili uka, he'upueo, mountain pili) is

similar to Agrostis in appearance. It forms erect, dense clumps
but has fewer flower spikes. It is uncommon at the summit,

The Agrostis, Trisetum, and Cystopteris are endemic. The Asplenium
is indigenous, that is, it is native to the Hawaiian Islands and

also elsewhere. The other two species found at the summit are



introduced, common, weedy, temperate species; these are
Hypochaeris radicata (hairy cat’'s ear or gosmore) and Taraxacum
officale (common dandelion).

DISCUSSION AND RECOMMENDATIONS

The areas with andesite lava flows and large rock outcrops
provide habitat for a number of lichen and moss species as well
as a few vascular plants. Less than a quarter of the mosses are
endemic., The mosses are widely dispersed over the summit area in
crevices and deeply shaded pockets on rocky mounds. The 1982
study by Smith et al., concluded that any proposed comnstruction
above 13,000 feet would not endanger any of the moss species or
their entire habitat.

While the lichens are found throughout the summit area, there are
areas where lichen diversity and numbers are high. Approximately
half of the lichen species identified are endemic; some such as
the Umbilicaria and Pseudephebe pubescens are unique to Mauna Kea,
Smith et al. (1982) identified two areas of high lichenological
interest. The first is the slope of Pu'u Wekiu cinder cone below
the switchback where there areé numerous large rocks. The second
region encompassed their Intensively Studied Areas 2,3, and 4;
this is the site proposed for the NGLT, Optical Interferometer,
and Submillimeter Array (SMA) expansion on the northwest slope.

Five of the six vascular Plants are widespread throughout the
islands. The Agrostis, Trisetum, and Cystopteris are endemic,
Agrostis and Trisetum are also common at lower elevations on
Mauna Kea, and they also occur on Mauna Loa and Maui. Cystopteris
douglasii is known only from high elevation areas on East Maui
(Haleakala) and Hawai'i where it is rare. It is considered a
species of concern by the U.S. Fish and Wildlife Service (1999).
Species of concern are pPlants for which there is a need for more
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biological and/or taxonomic information to determine if a
particular species might require conservation actions. Species of
concern do not receive legal protection under the Federal and
State Endangered Species laws. Use of the texrm does not mean

that the species will eventually be listed as threatened oY
endangered. There are a number of morphological and habitat
differences which separate the Mauna Kea Cystopteris from other

Cystopteris douglasii populations., The Mauna Kea population may

represent a new taxon, but further studies are needed.
Given the information above, the following recommendations are
made concerning the botanical resources and the different types

of facility development projects proposed.

Expansion of Existing Facilities

The addition of four to six outriggers on the existing W.M. Keck
Observatory site is not expected to have an impact on the
botanical resources as the site is located on a cinder cone.
Cinder substrate provides poox habitat for plants at the summit.

Expansion of the existing Smithsonian SMA may impact some of the
lichen colonies. It is recommended that a site survey be
conducted prior to any construction to locate areas with high
lichen concentrations and to recommend suggestions for placement
of the pads and antennae as well as roads., A survey similar to
that conducted for the existing SMA (Char 1992) should be made.
For the 1992 study, the presence of Umbilicaria was used as an

indicator for high lichen densities and diversity; the three
Umbilicaria species are major components of the lichen communities
jdentified by Smith et al. (1982). In addition to being associated
with rich lichen concentrations, the relatively large Umbilicaria
thalli are easily identified in the field.




Redeveloped Facility Site

This would involve replacement or upgrading of facilities at
existing sites such as U,H, 2.2-m., CFHT, UKIRT and IRTF. No
impacts to the botanical resources are anticipated as these

existing sites are already disturbed and are located on areas
with cinder substrate,

Expansion Areas: North and Northwest Slopes

The north slope beyond the summit ridge is proposed for Conven-
tional Optical/IR. An existing unimproved dirt roadway will be
used to access the site and should minimize site disturbance.
THis proposed expansion area is located primarily on a very
weathered lava flow with large fields of eolian or colluvial
deposits. The fields of loose ash/ colluvial deposits make up
about 60 to 70% of the surface while rock mounds or outcrops
occupy about 30 to 40% of the surface. Fairly large colonies of
lichens were observed on the more exposed ends of the rock
outcrops during our reconnaissance survey in June. Three patches
of Cystopteris douglasii were found along our transect 5.

The northwest slope of the summit ridge is proposed for the NGLT
and Optical Interferometer Array site, as well as the SMA
expansion area which was discussed earlier. Rock outcrops cover
about 50 to 60% of the surface, while ash or colluvial material
occupies about 40 to 50% of the somewhat younger lava flow.
Large and fairly diverse colonies of lichen were found scattered

throughout the rocky outcroppings on north and west faces during
our field studies,

It is recommended that structures and roadways be placed on the
ash or colluvial fields which are found at both locations. These
fields occupy the low lying areas among the rock outcroppings.



Areas with rock outcrops should be avoided. Structures should not
be placed where Chey would block tradewind flow to any nearby
colonies of lichens or Cystopteris. It is recommended that the
roadways be paved to Prevent excessive dust dispersal onto nearby
lichen colonies or Cystopteris ferns. A Survey similar to that
conducted for the existing Smithsonian SMA (Char 1992) should be
made to map areas of high lichen concentrations.

The impact on the botanical resources is exXpected to be minimal
if the recommendations above are followed.
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APPENDIX 1. List of species recorded from Mauna Kea summit,
Hawai'i (from Smith et al. 1982).

Scientific name *#Status Abundance
NON-VASCULAR PLANTS
LICHENS
Acarospora depressa Magn. apud Malme 1 Uncommon
Acarospora pyrenuloides Magn. E Rare
Acarospora SP. 1? Single
Bacidia sp. 1? Single
Caloplaca lithophila Magn. E Occasional
Candelariella insidiata Magn. E Single
Candelariella vitellina (Ehrh.) Mueli.-Arg. | Abundant
Lecanora muralis (Schreb.) Rabh. I Abundant
Lecidea skottsbergii Magn. £ Common
Lecidea vulcanica Zahlbr. E Uncommon
Lepraria sp. (white) 1?7 Common
Lepraria sp. (green) I? Common
Physcia dubia (Hoffm. )} Lett. 1 Common
Placopsis sp. (7) 1 Single
Pseudephebe pubescens (L.) Choisn. 1 Locally common
Rhizocarpon geographicum var.

hawaiiensis Raes. E Locally common
Rinodina cf. cacuminum (Th.f.) Malme I Single
Rinodina interrupta Magn. (7) E Single
Umbilicaria hawaiiensis Magn. E Common
Umbilicaria magnussonii Llano E Common
Umbilicaria pacifica Magn. E Uncommon
MOSSES
Amphidium tortuosum (Hornsch,) Robins. i Occasional
Andreaea acutifolia Hook,f. & Wils. I Occasional
Bryum caespiticium Hedw. 1 Uncommon
Bryum hawaiicum Hoe E Uncommon
Grimmia apocarpa var. pulvinata

(Hedw.) Jones 1 Occasionatl
Grimmia cf. pilifera P. Beauv. I Uncommon
Grimmia sp. 17 Occasional
Pohlia cruda (Hedw.) Lindb. I Common
Pohlia cf. mauiensis (Broth. ex

Bartr.) Schultze-Motel E Uncommon
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Scientific name ¥Status Abundance
Tortella humilis {Hedw.) Jenn. I Uncommon
Zygodon tetragonostomus A. Br. 1 Uncommon
VASCULAR PLANTS

FERNS

Asplenium adiantum—-nigrum L. I Uncommon
Cystopteris douglasii Hooker E Rare
DICOTS

Hypochaeris radicata L. X Uncommon
Taraxacum officinale Weber X Uncommon
MONOCOTS

Agrostis sandwicensis Hillebr. E Common
Trisetum glomeratum (Kunth) Trin, E Uncommon

E = endemic = native only to the Hawaiian Islands.

I = indigenous = native to the Hawaiian Islands and also elsewhere.

X = introduced or alien = all those plants brought to the Hawaiian Islands by
humans, intentionally or accidentally, after Western contact, that is,
Cook's discovery of the islands in 1778.
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EXECUTIVE SUMMARY

At the request of Group 70 International, cuitural resources specialist, Kepa Maly (Kumu
Pono Associates), conducted oral historical interviews and developed an overview of archival
and historical literature in conjunction with the update of the Complex Development Plan of
the Mauna Kea Science Reserve and Hale PGhaku for the University of Hawai‘i (UH). The
primary UH study area is situated in the ahupua‘a (land divisions) of Ka‘ohe (Hamakua
District) and Humu‘ula (Hilo District), on the island of Hawai'i; and encompasses the
summit region of Mauna Kea. This study was conducted to help document some of the
traditions and practices associated with Mauna Kea, and to identify some of the significant
features of the landscape, including natural and man-made cultural resources on Mauna Kea
so that they can be protected, preserved, and appropriately managed in the future.

The work conducted as a part of this study was developed and performed in consultation with
the Department of Land and Natural Resources-State Historic Preservation Division, native
Hawaiian organizations and community members, and the consulting firm of Paul H.
Rosendahl, Ph.D., Inc. (PHRI), a sub-consultant to Group 70 International for the master plan
update project.

Mauna Kea is one of the most significant land features of the Hawaiian Archipelago.
Because of its prominence on the landscape of Hawai‘i Island, Mauna Kea has been and
continues to be viewed from afar by many people who attribute spiritual and cultural values
to the mountain. Thus, Mauna Kea’s place in the culture and history of the Hawaiian people
is significant, and extends beyond physical sites or particular features which have been
previously identified in archaeological site studics. The present study area contains
approximately 11,000 acres and includes a portion of the southern flank of the mountain, and
the entire summit region (the zone at approximately the 11,500 foot elevation and higher) of
Mauna Kea.

Oral History Interviews and Consultation

In the period between September 25" to December 21%, 1998, Maly (the author) conducted a
total of fifteen tape recorded and supplemental oral bistory interviews with twenty-two
participants. The interviews were transcribed and returned to each of the interviewees and
follow up discussions were conducted to review cach of the typed draft-transcripts. The latter
process resulted in the recording of additional namatives with several interviewees.
Following completion of the interview process, all of the participants in the tape recorded
oral history interviews gave their written permission for inclusion of portions of their
transcripts in this study (4ppendix A). Additionally three historic interviews (recorded
between 1956 to 1967) were translated from Hawaiian to English by the author and
transcribed. With those interviews, representing three primary interviewees, the total number
of interviewees represented in this study is twenty-five.

Also, during the process of preparing for, and conducting the formal recorded interviews, the
author spoke with more thap 100 individuals who were known to him, or were identified as:
(I) baving knowledge about Mauna Kea; (2) knowing someone who could be a potential
interviewee; or (3) who represented Native Hawaiian organizations (i.e. Hui Malama i na
Kipuna o Hawai'i Nei, the Island of Hawai‘i Council of Hawaiian Civic Clubs, and the
Office of Hawaiian Affairs) with interest in Mauna Kea. Several of those contacts resulted in

Mauna Kea Oral History Study Kumu Pono Associates
and Archival Literature Research H) February 1, 1999



the recording of informal documentation regarding Mauna Kea, or generated written
responses as formal communications. Notes written up during some of those conversations,
which add information to the historical record of Mauna Kea, are cited as personal
communications in Appendix B. The notes paraphrase key points from individual
conversations, but were not reviewed by the individuals identified. Thus, they represent
informal communications which could be followed up on at a later date as a part of further
work to be undertaken on Mauna Kea. The formal letter communications are also reproduced
from the original transmittals in their entirety in Appendix B.

It is also noted here that several potential participants in the interview or consultation process
were unavailable or did not wish to participate in the formal oral history interview study. All
but one of those individuals were identified when they spoke at one or more of three formal
public hearings beld by the Mauna Kea Advisory Committee (MKAC) on August 31%,
September 1* and 3%, 1998. By agreement with hearing participants, the hearings were
recorded on tape. Those tapes were transcribed by Group 70 International (with final
transcript preparation by this author), but because of technical difficulties, not all of the
testimonies were recorded. Portions of the testimonies made by individuals who did not
participate in the oral history program, but which include cultural-historical narratives are
cited verbatim in Appendix C as they provide readers with further information on issues and
concerns raised about Mauna Kea.

Documentary Research

In the period between August 1996 and May 1998, the author conducted and reported on the
findings of detailed archival research for the Mauna Kea study area (Maly, published May
1998). As a result, the present scope of work for this study focused on oral history
interviews, limited archival research, and development of an overview of several recent
studies which provide important historical documentation on Mauna Kea (reported in
Appendix D of this study). Archival documentation was rescarched in the collections of the
Hawai'i State Archives, Land Management and Survey Divisions, and Bureau of
Conveyances; collections of the Bernice Pauahi Bishop Museum and Hawatian Historical
Society; and the University of Hawaii-Hilo Campus, Mo*okini Library. Also, while the scope
of work for this study did not include conducting a detailed review of previous
archaeological work performed on Mauna Kea, the author did review several key studies.
Archacologists with the Department of Land and Natural Resources-State Historic
Preservation Division and the consulting firm of Paul H. Rosendahl, Ph.D., Inc. (PHRI) are
preparing reports on past and present archaeological studies on Mauna Kea.

Overview of Research and Primary Recommendations

made by Interviewees and Consultation Participants

The archival literature and oral historical accounts cited in this study provide resource
managers, UH planners, DLNR-SHPD, consultants, and members of the community with
several forms of information. They include: (/) historical accounts of practices on, and travel
to Mauna Kca, as experienced by elder native Hawaiians and others with personal
knowledge—Ilearned from elders or through actual travel upon the mountain; an overview of
the pre-history and early historic period of Mauna Kea; (2) through the recollections and
stories of the interviewees—some of whom trace their connection to Mauna Kea back to the
19% century—readers gain an overview of their sentiments regarding the impacts attributed to
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the present uses of Mauna Kea and proposed further development of observatory facilitics on
Mauna Kea; and (3) an overview of the pre-history and early historic period of Mauna Kea.

In regards to item # 2 referenced above, sixteen of the interviewees expressed the opinion
that the proposed development of additional observatory complexes on Mauna Kea was
inappropriate. Two of the interviewees expressed hesitancy at further development-based on
a deep respect for Mauna Kea. One interviewee felt that the benefits of the work done by the
observatories far out weighed other concerns, and that the research conducted on Mauna Kea
provided important knowledge to all mankind.

All individuals spoken with as a part of the consultation and information collection process
felt that further development of observatories on Mauna Kea was inappropriate. All
participants in the study shared a common love for the mountain and encouraged that any
activity on Mauna Kea be done in a way that is respectful of the past and the natural
resources, and that all activities need to be monitored to ensure protection of the resources.

Study Organization

As noted above, this study presents readers with the findings of two phases of work — ()
oral historical interviews and consultation records (in this volume); and (2) documentation
recorded in archival and historical literature (4ppendix D). Because this project represents
the first detailed oral history program for Mauna Kea — focusing on the arca extending from
the piko (summit) to the kula (flat lands) surrounding Mauna Kea — the oral history and
consultation records are presented in the main body of the document. In the area of archival-
historical literature, there has been more extensive work conducted and reported, thus, the
overview of that documentation is presented following the interview and consultation
records.
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INTRODUCTION

BACKGROUND

At the request of Group 70 Intemational, cultural resources specialist, Kepa Maly (Kumu
Pono Associates), conducted a two phased study in conjunction with the preparation the
Complex Development Plan update of the Mauna Kea Science Reserve and Hale Pohaku for
the University of Hawai*i (UH). The primary UH study area is situated in the ahupua 'a (land
divisions) of Ka‘ohe (Hamikua District) and Humu‘ula (Hilo District), on the island of
Hawai‘i (TMK Overview Sheets: 3-8-01 & 4-4-15); in the summit region of Mauna Kea
(Figure 1). This study was conducted in two primary phases. One phase of the study entailed
conducting a detailed oral history interview and consultation program. The other phase of
work included a limited review and preparation of an overview of archival and historical
literature. The work conducted as a part of this study was developed and performed in
consultatiop with the Department of Land and Natural Resources-State Historic Prescrvation
Division (DLNR-SHPD); native Hawaiian organizations and community members; the
Mauna Kea Advisory Committee; and the archacological consulting firn of Paul H.
Rosendahl, Ph.D., Inc. (PHRI).

Overall, this study was conducted to help document some of the traditions and practices

associated with Mauna Kea, and to identify some of the significant cultural features of the

e landscape and other resources on Mauna Kea so that they can be protected, preserved, and

N appropriately managed in the future. Additionally, the interview component of the study

‘ specifically elicited recommendations from interviewees regarding present and future uses of

Mauna Kea. As a result, the oral history interviews cited in this study provide readers with

detailed documentation about Mauna Kea and an introduction to some of the people who

have been a part of the mountain’s history. This study also provides those interested in

s conducting further research and interviews with leads to contacts apd resources for
undertaking such work.

- Importantly, the information cited herein, presents the UH, Department of Land and Natural
) Resources-State Historic Preservation Division, native Hawaiians, and community
organizations with historical information that will be helpful in the creation of a partnership
e by which to continue learning about Mauna Kea and developing 2 comprehensive integrated
resources management program for Mauna Kea’s varied resources (development of such a

- partnership is one of the interviewee recommendations discussed at end of this study).

Project Setting: A Cultural Landscape
Mauna Kea is the focal point of a number of native Hawaiian traditions, belicfs, customs, and
practices. With its summit peak reaching 13,796 feet above sca level, Mauna Kea is one of
the most significant land features of the Hawaiian Archipelago. In the summit region of
- Mauna Kea—an area extending from around the 10,000 foot elevation to the summit peak,
including a plateau-like feature above the 11,500 foot elevation—and on its slopes extending
down to an area once covered in dense forest growth (approximately the 9,000 foot
- elevation), are many pu'u (hills) and other natural features. A number of the place names
recorded for this mountain landscape are associated with Hawaiian gods. Other place names
are descriptive of natural features and resources, or document cvents that occwrred on the
- mountain.
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Perhaps as a result of its prominence, isolation, and extreme environmental conditions,
Mauna Kea’s place in the culture and history of the Hawaiian people is significant. This
“cultural significance” extends beyond a physical setting, sites or particular features which
have been previously identified in archaeological site studies. Mauna Kea is a prominent
feature on the cultural landscape of Hawai‘i which has been and continues to be, viewed
from afar, and to which spiritual and cultural significance is attributed.

Archaeological surveys (see DLNR-SHPD and PHRI documentation cited in the Master
Plan) have recorded a number of significant cultural sites in the surmit region of Mauna
Kea. Department of Land and Natural Resources-State Historic Preservation Division
(DLNR-SHPD) archacologists note that nearly all of the identified sites are shrines, burials,
or are associated with adze manufacture practices. This “cultural landscape” has been
determined to be eligible for the National and State Register of Historic Places, under
multiple criteria, including cultural significance to the native Hawaiian people (cf. letter of D.
Hibbard to R. Evans, September 12, 1991). As a result, archacologists with DLNR-SHPD
have referred the summit region of Mauna Kea as a “ritual landscape,” with all of the
individual parts contributing to the integrity of the whole summit region (pers comm. P.
McCoy and H. McEldowney; Group 70 meeting of September 10, 1998).

The present study area contains approximately 11,000 acres. It includes a portion of the
southern flank (Hale Pohaku vicinity) of the mountain and the entirc summit region—the
zone at approximately the 11,500 foot elevation and higher—of Mauna Kea. Documentation
found in native traditions, historic accounts, and oral history interviews (cited in this study),
and the presence of cultural features on the ground all speak to the uniqueness of, and
significance of Mauna Kea. Yet, while there is much that has been recorded, there is more
that remains unanswered. Thus, it is in this light, that wise use of, and care for Mauna Kea
takes on a greater urgency in these times of change. A number of participants in the oral
history and consultation phases of this study, recommend that the DLNR and University form
a partnership with knowledgeable individuals descended from families with generations of
experience on Mauna Kea and others, who can help protect and interpret the landscape that is
Mauna Kea.

Overview: Study Guidelines and Presentation

The oral historical and archival research conducted for this study was performed in a manner
consistent with Federal and State laws and-guidelines for such studies. Among the referenced
laws and guidelines were the National Historic Preservation Act (NHPA) of 1966, as
amended in 1992; the Advisory Council on Historic Preservation’s “Guidelines for
Consideration of Traditional Cultural Values in Historic Preservation Review” (ACHP
1985); National Register Bulletin 38, “Guidelines for Evaluating and Documenting
Traditional Cultural Properties” (Parker and King 1990); the Hawai‘i State Historic
Preservation Statute (Chapter 6E), which affords protection to historic sites, including
traditional cultural properties of ongoing cultural significance; the criteria, standards, and
guidelines currently utilized by the Department of Land and Natural Resources-State Historic
Preservation Division (DLNR-SHPD) for the cvaluation and documentation of cultural sites
(cf. Title 13, Sub-Title 13:274-4,5,6; 275:6 — Dec. 12, 1996); and guidelines for cultural
impact assessment studies, adopted by the Office of Environmental Quality Control
(November 1997).
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While the scope of work for this study did not include conducting a detailed review of, and
writing a summary of previous archacological work performed on Mauna Kea, the author
met with state and project archaeologists on several occasions. The author also reviewed
several primary archaeological studies as a part of the research. Archaeologists with the
Department of Land and Natural Resources-State Historic Preservation Division, who have
been working on Mauna Kea for more than 15 years, and the consulting firm of Paul H.
Rosendabl, Ph.D., Inc. (PHRI) present detailed documentation on past and present
archacological studies on Mauna Kea. /1 is further noted that information collected as a part
of this study will be, taken into consideration by the archaeologists in determining
recommendations for site protection, interpretation, and treatment (see reports prepared by
DLNR-SHPD and PHRI as a part of the present Master Plan project).

In summary, this study presents readers with information collected from two primary
resources — oral historical and consultation narratives, and archival literature. Cited
documentation has been recorded over and period of more than 170 years, and covers many
centuries of traditions. It will be seen that there is continuity and a number of similarities
shared between both forms of documentation. The continuity in the written and oral historical
accounts, suggests that there is time-depth in many aspects of the cultural knowledge
expressed and practiced by members of the present generation.

Oral History Interviews and

Consultation Records of the Mauna Kea Study

Oral history interviews for the Mauna Kea study were conducted between September 25%—
December 217, 1998. Maly (the author) conducted a total of fifteen tape recorded and
supplemental oral history interviews with twenty-two participants. The interviews were
transcribed and returned to each of the interviewees and follow up discussions were
conducted in review each of the typed draft-transcripts. The latter process resulted in the
recording of additional narratives with several interviewees. Following completion of the
interview process, all of the participants in the tape recorded oral history interviews gave
their written permission for inclusion of portions of their transcripts in this study (dppendix
A). Additionally three historic interviews (recorded between 1956 to 1967) were translated
from Hawaiian to English by the author and transcribed. Those interviews were located in the
collection of the Bernice Pauahi Bishop Museum and personal collection of Larry Kauanoe
Lindsey Kimura, Chairman of the Hawaiian Studies Department, University of Hawai‘i-Hilo.
With those interviews, representing three primary interviewees, the total number of
interviewees represented in this study is twenty-five.

Also, as a part of the present study, more than 100 individuals and representatives of native
Hawaiian organizations were contacted, told about the present study, and invited to provide
input into development of the study and its report of findings'. Narratives recorded as a part
of the interview program and references from the consultation process are presented in the
following section of the study. The detailed communications of the consultation program are
cited in Appendices B & C. During the interviews and other communications, several historic
maps were referenced, and when appropriate, the general locations of sites referenced were

' Also, for several years, the author has been speaking with various individuals about the history of Mauna Kea, and

selected references from those communications are cited in the consultation records as well.
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marked on the maps. That information was in turn compiled on one map, which is cited as
Figure 2, an annotated interview map at the end